The early atmosphere of the earth contained low concentration of oxygen, which then slowly initiated to increase approximately 2.5 billion years ago after development of photosynthetic organisms and reached life-supporting levels 500--1000 million years ago. According to the oxygenic theory of evolution even the most primitive organisms used oxidative-antioxidative mechanisms in energy production, hence underlining the importance of reactive oxygen species (ROS) in normal cellular functions \[[@B1]\]. In reduction-oxidation (redox) biology the balance of oxidants and antioxidants determines the normal cellular homeostasis that is altered in tissue injuries and pathological conditions. Therefore, ROS, or unbalanced production of ROS, are often a consequence of injury or pathological condition with corresponding impact on cellular signal transduction and damage to macromolecules. The focus of this special issue is to characterize signaling pathways involved in tissue pathogenesis. Such studies potentially result in drug targets that supplement targets observed in currently used screenings \[[@B2]\].

ROS, especially hydrogen peroxide (H~2~O~2~) and superoxide anion (O~2~ ^∙−^), are important second messengers able to activate or inhibit cellular signaling. It is noteworthy that the cellular response to ROS directly correlates to their concentration: low concentration often supports growth and survival, whereas high concentration is involved in aberrant cellular behavior, such as growth arrest and transformation. Ras oncogene induced proliferative burst of primary cells, consequent cancer barrier forming senescence of the cells, and escape from premature senescence through immortalization and transformation of primary cells is a classical example of ROS involvement in aberrant cellular functions \[[@B3]\]. Epigenetics, a topic discussed in the special issue by T. Kamiya et al., is essentially involved in carcinogenesis. The role of ROS in epigenetic regulation of gene expression through DNA methylation, histone methylation, and histone acetylation has received attention in the research society emphasizing the significant liaison of ROS with carcinogenesis. Part of the epigenetic control in carcinogenesis is derived from tumor stroma cells. Tumor stroma develops in several phases responding to the needs of the epithelial cancer cells. Thus, the continuously growing tumor contains all developmental phases of stroma \[[@B4]\]. Mesenchymal stem cells (MSC) are a rich source of ROS (reviewed in the current issue by R. A. Denu et al.) being able to regulate tumor cells growth and stromal inflammatory cell immunomodulatory properties by, for example, affecting macrophage maturation.

Infections and inflammation are frequently connected to aberrant ROS production. In the current issue D. Limongi and S. Baldelli review the role of infections in neurogenerative diseases. Increased ROS levels with consequent increased inflammatory cytokine expression via activation of Toll like receptor 4 (TLR4) signaling have been suggested to sensitize cells to amyotrophic lateral sclerosis (ALS) development in patients who carry mutations in cupper zinc superoxide dismutase (SOD1) gene in astrocytes and in microglia. Wild type SOD1 binds small GTPase RAC1 subunit of NADPH oxidase complex in a redox sensitive manner responding to increasing concentration of H~2~O~2~ by disassociating from RAC1. Mutant SOD1 lacks the redox sensitivity in RAC1 binding, therefore causing continuous accumulation of H~2~O~2~, which then stimulates TLR4 signal transduction and downstream inflammatory cytokine expression. Although the function of inflammatory cytokines in ALS pathogenesis is not completely understood, both increased ROS and inflammatory cytokine concentrations have been demonstrated to be risk factors in ALS development. Extracellular superoxide dismutase (SOD3) previously characterized in atherosclerotic diseases \[[@B5]\] has been shown to attenuate nonbacterial inflammation, mainly macrophage migration, in ischemic injuries by reducing inflammatory cytokine and adhesion molecule expression \[[@B6]\]. Hence, these data demonstrate that dismutase reaction by SOD1 and SOD3, a catalysis of O~2~ ^∙−^ to H~2~O~2~, has an opposite effect on inflammatory cytokine expression correlating to cellular location of the SOD enzymes.

Although the role of ROS and redox genes is well characterized in several pathological conditions redox balance is a sum of various actions in cellular homeostasis, therefore being challenging to manipulate. Recently a number of studies have pointed out a single transcription factor in redox system, NF-E2-related factor-2 (NRF2), which coordinates oxidant-antioxidant balance in collaboration with Keap1 (reviewed in the current issue by D. I. Kim et al. and A. Sparaneo et al.). Although these factors are attractive drug targets as they are involved in the development of severe pathological conditions, such as malignant cancer cell chemoresistance, the overall development of antioxidative drugs has faced several obstacles. A number of antioxidative molecules tested in cell models in vitro, in preclinical models in vivo, and in clinical trials have demonstrated the diversity of redox balance, even suggesting unexpected negative outcomes. N-Acetyl-L-cystein (NAC), a precursor of glutathione, represents one of the most thoroughly investigated molecules, which has been tested in several clinical trials related to oxidative stress derived diseases, such as chronic inflammation, brain injury, lung diseases, acute liver diseases, cardiovascular diseases, and fibrotic diseases. NAC primarily neutralizes O~2~ ^∙−^, although it has been reported to reduce H~2~O~2~ concentrations and therefore recognized as an antioxidative molecule. Although NAC potentially attenuates the oxidative damage in cardiovascular and liver injuries in short-term treatment, it has less prominent effect on long-term survival of liver injury patients \[[@B7], [@B8]\]. A more sophisticated approach in the control of redox balance is to focus on signaling routes that mediate the effect of ROS in tissue injuries or cancer, as suggested by P. A. N. Thi et al. in the current issue article, which reports the use of MEK inhibitor (PD98059) to protect brain and cardiac tissue in cardiac arrest remote conditioning model.

Despite impressive resources utilized in characterization of ROS, their function, and manipulation of production in disease progression, we still do not quite understand the connection between ROS production and cellular signal transduction. Further analysis in characterization of ROS regulated signaling routes could reveal critical molecules needed for ROS production, such as small GTPase RAC1 that is involved in NADPH oxidase function and in SOD3 signaling \[[@B9], [@B10]\].
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